Eight controversies are active in the study of macroevolution. These are: 1) the meaning of the ttJrm macroevolution, 2) the role of chance, 3) the role of stasis and gradualism, 4) ".vhether significant change is limited to speciation events, 5) the environmental conditions where macroevolutionary change occurs, 6) whether Neodarwinian mtJchanisms are adequate to explain change, 7) the existence and nature of hierarchical evolutionary processes, and B) Darwin's views about all this. After a brief examination of each of thestl issues we used the extensive data available for 9 species of European and Nearctic cave P:;eudosinella to examine the third, fourth and fifth controversies mentioned above. Our conclusions are that while we are unable to demonstrattJ ongoing directional selection. we have clear evidence that significant adaptive change is not limited to speciation events. It does however appear that the amount of adaptive change is greattJr in the process of speciation than in between. We also show that there is no evidence for clear ptJriods of sta~;js in the evolution of these forms. This leads us to a new model of the macroevolutionary process combining features of gradualism and punctuated equilibrium. We also showed that evolutionary change is not associated with unstable environmtJnts but rather with more stable ones.
INTHODUCTION
There are a large number of controversies swirling about the topic of macroevolution at the present time. The ones we are aware of involve the questions listed below. These controversies are certainly not of equal intensity or importance; however, all do exist. 1) What is the meaning of the term macroevolution? 2) What is the role of chance in macroevolution? 3) What is the role of stasis versus gradualism? 4) Does macroevolutionary change occur only in short bursts during speciation?
5) In what kinds of environments does macroevolution occur? 6) Are Neodarwinian mechanisms adequate to explain macroevolutionary change? 7) Are there hiearchical processes in evolution? 8) What did Darwin think about any or all of these matters? We shall examine each of these questions briefly.
Question 1: What is the meaning of the term macroevolution? There are many strands to this controversy including (at least) the following:
A) There is an old dichotomy with some people using macroevolution for any change resulting in speciation and limiting microevolution to changes within the species limits. A second view is that macroevolution is the force resulting in the large scale evolutionary changes seen in the fossil record.
B) For those following the latter view of macroevolution, a more recent dichotomy has occurred between the older view that macroevolution should be looked at as major changes in phyletic form in the geological record (large scale morphological changes) or as changes in taxonomic diversity within and among monophyletiC groups (Cracraft, 1985;  Vrba and Eldredge, 19841. Question 2: What is the role of chance in macroevolutionary change? Some authors have suggested that much of what we see in the way of phylogenetic patterns and change can be explained or at least largely influenced by chance events. Others maintain that chance plays a significant role only in the production of basic variation and special phenomena such as gene drift and founder 8ffect.
Question 3: What is the role of stasis versus gradualism? This is part of the punctuated equilibrium controversy. How common is the pattern of long periods of no change and short bursts of change? This controversy has boiled down to a question of establishing the relative importance of each, since almost all are agreed that both phenomena -phyletic gradualism and punctuated equilibrium -occur reasonably commonly.
Question 4: Does most macroevolutionary change occur in short bursts of rapid change during speciation or more gradually throughout most of the existence of a species or closely related group of species? The second part of the Eldredge and Gould hypothesis (Gould and Eldredge, 1986) is that adaptively significant change occurs in the former fashion and results in changes which are geologically instantaneous and requires that trends be explained as a sorting out of species rather than a selective trend within groups: This requires that higher level selection be a real phenomenon. This theory does not require saltational speciation, merely change which is geologically instantaneous and highly localized.
Question 5: In what kinds of environments does macroevolution occur? A potential controversy exists concerning the ecological nature of the site for macroevolutionary change. Traditionally the view has been that the likely site of macroevolutionary change is determined primarily by historical and interactive processes and is thus not greatly affected by the ecological conditions of the immediate environment of the process. Recently Rosen and Buth (1980) have suggested that ... « significant phenotypic evolution would not be expected to occur in stable ancestral conditions of limited niche availability but rather in new environments under the interelated conditions of niche diversification, accumulation of new mutations, and increased opportunity for genotype expression/environment interaction ". Whether or not this is so remains to be seen.
Question 6: Are Neodarwinian mechanisms adequate to explain macroevolutionary change? This is probably the hottest controversy about macroevolution. Many maintain that this is so and many others (probably still a minority of specialists in the field) maintain that it is inadequate to do so (Ho and Saunders, 1979; Lbvetrup, 1976) . This controversy has become extremely complex and is commingled with studies on orthogenesis, morphogensis and regulatory processes, and transpecific transfer of genetic materials, as well as inheritance of acquired characteristics and the old « hopeful monster" idea.
Question 7: Are there hierarchical processes in evolution? Another set of hypotheses, which is not really a controversy yet since it has not been much debated, is the idea (or cluster of ideas) centering on the concept of a hierarchical view of the evolutionary process. Bookstein et a1. in 1978 presented an early attempt, and Dawkins with the extended phenotype notion presents another early thrust in this direction. This was expanded upon by Corning in 1983 with The Synergism Hypothesis, and then followed by a number of similar, or at least goal-sharing, works, (Reid, 1985; Cracraft, 1985; Vrba and Eldredge, 1984; Eldredge, 1985; etc.> . All these present ideas that evolution can only be understood as a series of interconnected processes involving a nested set of different mechanisms. When the proponents of the different schemata have had a chance to interact, we are certain that there will be controversy here.
Question 8: what did Darwin think about these matters? Another controversy is over what Darwin said or didn't say about any or all of these questions. This is a worthless controversy to our view. Whatever he might have thought, he is the intellectual father to us all; arguing about what he did or did not do is essentially an exercise in theosophy.
Clearly it is not possible to directly address all of these controversies in one work. What we shall attempt to do in this Pseudosinella work is address questions 3, 4 and 5. In the end, we shall glance briefly at question 7 and make suggestions as to how the work on cave forms may illuminate this problem In this we plan to use the most generally accepted view of macroevolutionary change-large scale morphological and/or behavioral change.
SOURCE WORK
Before starting, it is necessary to review some of our work on the genus Pseudosinella in order to make what we are going to say more comprehensible. It is important that the reader have some grasp of the anatomy of the main group we shall be oxamining-members of the subfamily Entomobryinae. The major organs we shall be looking at are illustrated in figure 1. In 1960 we studied the subfamily in some depth because of the fascinating data which was coming into view in the group. In 1956 Yosii published his monograph on the cave collembola of Japan and in the same year Tom Barr started sending Christiansen an amazing array of forms from the caves of the southeastern U.S. It soon became apparent that the forms described by Yosii, those earlier described from European caves, and the forms from the U.S. showed amazing parallels across species groups and generic lines. The studies which followed resulted in our conclusion that the evolution of cave Entomobryinae involved two very different types of organs. One type, whose evolution was quite different from cave group to group and from taxonomic group to group, did not respond in a predictable fashion. The second group of features (which we called cave dependent) showed enormous parallelism and convergence and followed a regular pathway which permitted the organisms to be classified into three stages of cave adaptation which were quite independent of the particular group involved (Christiansen, 1961> . These levels of cave adaptation were reflected in an overall change in body form (see figure 2 ) which was predictable, as well as changes in many organs which were almost as predictable and again showed broad convergence across broad taxonomic and geographic ranges (see figure 3 ). These changes were associated with increasing success in cave environments and limi- tation of surface movement and occupation. The levels of cave ad~l:!p.t~tion. seen here have proven useful to our work.
Later studies convinced us that we would not understand the nature of the processes involved until we could determine the adaptive significance of the changes involved. After considerable travail, we were able to analyze one group of organs -the foot complex -and the adaptive changes which took place involving it (Christiansen, 1965) , Figure 4 illustrates some of the discoveries we made concerning the locomotor adaptations of cave collembola and the modifications of the foot complex associated with this. Description of this work would consume too much time; anybody interested in it is referred to the 1965 work. Suffice it to say that there are selectively important evolutionary reasons for the unguis to become longer and more slender and the tenent hair to be reduced in cave fonns but that the same reasons do not obtain for the unguiculus length.
Subsequent to the studies noted above, we made a number of analyses of cave collembola. Three of these are of particular importance to the present study. In the first of these we analyzed the microgeographic variation in the widespread Southeast U.S. cave species Pseudosinella hirsuta (Christian. sen and Culver, 1968 (Christiansen and Bouillon, 1978) and theodo"ridesi. All these studies involved measurements of large series of specimens; this data is part of the basis of the presont study.
POSSIBLE 'If#. In our study of hirsuta, we clearly established the fact that the species was going through a series of small scale evolutionary changes which resulted in a gradual gradation from primitive to highly cave adapted features as the distance from the centers of primitiveness increased (see figure 5 ). This process involved both structural and behavioral changes and was limited and clearly directed by the limitations of cave geology. The patterns we had determined as being necessary on tho basis of morphological connections followed the geological provinces almost exactly. The picture seen in violenta was quite different. The surface populations followed no pattern except for a clinal pattern in some of the Texas cave form characteristics.
The cave forms showed no overall patterns at all except for a similar but not identical dinal variation (seo figuro 6). On a very small scale there were erratic patterns which could be seen in a number of heavily populated regions (see figure 7 ). The Pyrenees species were part of a much more elaborate project in which we analyzed ecological as well as evolution'1rv and biogeographic processes. With the exception of the reduction in eye number in theodoridesi, no clear geographic pattern was visible. It was also clear that there was no correlation between state of evolutionary advance and any single or cluster of environmental factors. It did become clear that there was a strong correlation between evolutionary advance and cave altitude, with the most highly evolved species being higher up. Since cave altitude in this region is generally associated with increasing age it gave us to understand that there is some possible correlation between antiquity of occupation and level of evolutionary adaptation.
METHODS AND MATERIALS
When we received the invitation to contribute to this symposium, we thought it would be useful to recover the data from the studies discussed above and extend the analysis to include the other species in the hirsuta lineage. We also decided to consider an additional U.S. species, argentea, which is widespread in the caves of the south central states and relatively common in a scattering of surface localities all over the country. An unpublished study done by Joel Weichsel indicated that argentea is presently going through active speciation in the caves of Arkansas. The present study thus involves seven species of the genus Pseudosinella belonging to two lineages and two additional species not belonging to either lineage. The violento set is phyletically quite separated from the others and is treated as three separate groups -the Iowa surface popu-lations (where no cave forms exist) and the Texas surface and cave forms.
The data used in the study were taken over a period of 25 years for a variety of different purposes. For this reason, the were not available for all species. Fortunately most of the specimens upon which our data were based are still present in our collections so it was possible to check potentially erroneous measurements.
However, since the total data set involves measurements of 2400 specimens measured by more than 20 different people, it is certain that errors remain in spite of the data checking we did.
The species we used are shown in table 1. The first four species are of the hirsuta lineage and the next three of the subduodecima lineage. These are shown with the most primitive at the top and most advanced at the bottom. The remaining two species are unrelated to either of the above lineages or to each other. Both the latter species are at the first level of cave adaptation.
We decided to attack four questions:
(1) Was there any evidence of directional selection having an effect upon the species between speciation events? The data analysis for this study was done on the Grinnell College VAX 8600 computer using the MINIT AB and RS/l statisHcal analysis systems.
DIRECTIONAL SELECTION
To test the question of directional selection as an ongoing process between speciation events, we looked at the variation in a number of cave dependent features. We examined the variation seen in all cave dependent features in a variety of ways, but eventually settled on one pattern of examination as being critical in determining whether or not directional or stabilizing selection was going on. In all subsequent investigation of this question, we concentrated on four cave dependent characteristics: fourth abdominal segment length, fourth antenna! segment length, hind tibiotarsus length, and unguis length. For each of these measures, earlier work has established that there is an increase of the size of the organ relative to the body size with increased cave adaptation. To investigate the effect of increasing size upon the organ, we first plotted the cave dependent measures of the organ relative to either the total length or the cephalic diagonal (as a surrogate for total length in cases where the total length measurement was not available). The plots thus obtained (augmented by calculation of the Pearson product-moment correlation coefficients) showed clear linear trends, as can be seen in figure 8. We then fit a regression line to each pair of measures, using a robust regression procedure (the RUNE command in the MINITAB package). In general, the linear fits were quite good.
The residuals from the regression lines provided a set of measures which controlled or compensated for the gross increase in organ size due simply to the overall growth in the specimen. These residuals were used for further investigation of the directional selection question. Our reasoning was that if there was directional or normalizing selection in progress, this should be reflected in the distributions of the residuals. That is, if directional selection was going on, there should be a progressive elimination of the forms having relatively shorter organ measures. Thus a plot of the residuals against the total length measure should show a curvilinear trend upwards, that is towards increased length of the organ relative to total body size. On the other hand, if there was a process of stabilizing selection going on, then the organ measures should diminish with increasing total size of the specimen, thus giving a narrowing band of residuals. This would be the logical outcome of either type of selection since the larger specimens should be older specimens which had gone through the process of selection, whereas the smaller and therefore younger specimens should represent the stocks before selection.
As a first approach to studying the residuals from the linear fits, the residuals were plotted against the independent variable (total length or cephalic diagonal). Examination of plots for many regression fits showed neither of the above hypothesized results. Rather, what was generally observed was a random distribution of data points around the residual axis (see figure 9) . In one case, the fourth antennal segment of argentea, there was a relationship such as should occur if directional selection were going on and in subduodecima there were several features which displayed the distribution hypothesized for stabilizing selection; however, with the large number of cases examined, these situations could easily occur by chance alone.
The residuals from the linear fits were studied further by dividing the values for each organ for each species into ------+---------..•. ---------.•. ------- quintiles on a basis of the total length measure used. If directional selection is operating, there should be a continual increase in the mean and median values of the residuals across the lowest to highest quintiles. If stabilizing selection is going on, there should be a regular decrease in the standard deviation and interquartile range values across the quintiles. Tables 2A and 2B summarize this data for one primitive and one advanced species of each of the lineages. The tables 2A and 2B data (which we verified with a wide variety of graphical displays) show that there is no clear evidence for either phenomenon occurring.
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Time constraints made it impossible for us to pursue the kind of multivariate analysis developed by Lande and Arnold (198. 3). However, if there was any directional or stabilizing selection going on, it should have been visible to some extent from examination of the residual values from the univariate regression fits. Since this was not the case, we concluded that there was no strong evidence for directional or stabilizing selection going on in the great majority of the species and organs we studied. One possibility merits further study. While making the linear fits of various organ measures on total length characteristics, we noted that the slopes of the various lines differed considerably from organ to organ and species to species. Where comparable measures of total length were used, it appeared that primitive species of a lineage had lower rates of increase of the adaptive organ relative to total length than did the advanced species of the same lineage (see figures 8A and 8B, and table 2). The same difference did not hold when comparing cave to surface populations of the same species (see figures 8C and 8D). It is thus possible that what the directional selection is affecting is not the actual size of the organ but rather the slope of the growth curve. However, larger samples and tests which are more sensitive would be required to determine this. If anyone is interested in pursuing this topic the data is available from us on request.
MORPHOLOGICAL CHANGE AND SPECIATION
To test the question of whether significant morphological change was limited to essentially evolutionary instantaneous speciation events, we first looked at the gross morphology. The very fact that species are described on a basis of differences in morphology means that we would expect that overall there should be greater differences between species than within species limits; however, this need not apply to all features. By and large, species in this genus tend to be separated upon cave independent features so that cave dependent features need not, a priori, be sharply separated. If adaptive morphological change is limited to speciation, then the variation in an adaptive organ complex such as the foot should be much more striking between species than among populations of a single species. We were able to look at this by examining the foot complex in a large number of species pairs and, comparing this to all the species where we had sufficient information about population morphology, to be reasonably certain that the range of variation in the species was represented in our sample. Figure 10 represents ,32 such pairs of foot complexes. Thirteen of these represent the limits of variation seen within species (all that were available) and the remaining 19 are species pairs chosen at random from available data. The arrows represent the apparent direction of evolutionary advance. Close examination of these features will show that there is no clearly visible difference between the variation seen within and between species. Thus we have no indication from the gross morphology of this oxybarensis, 2 -petrustrinatii, 3 -dubia~hirsuta, 4 -ae ra~nata, 5 -hirsuta~spinosa, 6 -subvirei~truncata,
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adaptive feature that there is any distinction between variation seen within a species and between species.
When we turn to quantitative measures of change between these forms, the picture is somewhat different. A graphical representation (using dotplots or histograms) of any measured characteristic shows clearly that the values for different species overlap extensively (see figure 11 , as an example). An additional perspective is given by the use of oneway analysis of variance. Using this statistical technique, we examined the variation both among populations of a species and among species of the same evolutionary lineage (see table 3 ). As would be expected, there are very strongly significant differences between the species means of the characteristics considered. However, while the difference between means of the populations of one species is generally significant where large numbers of populations were available, the level of significance was far less than that seen between species. Thus the quantitative data seems to support a view that changes in adaptive features, between species and within species limits, are similar but somewhat greater in size in the former than in the latter case.
The evidence we earlier developed in hirsuta showed clearly that in this species small scale population changes were proceeding in a number of different areas between populations in a fashion to bring about significant increases in levels of adaptation from one region to another. This evidence, along with the results noted above, supports a concept that evolutionary change proceeds within a species between speciation events and proceeds at a much more rapid pace during the process of speciation. Considering evolution through time, there are three possible routes (shown in figure 12 ). The first is the classic gradualist view, the second the punctuational view and the third (the one we propose) obtains in the forms we have studied.
STASIS
The third question we tested -whether or not there was any clear evidence of periods of stasis -can be examined by looking at four measures of variability for the different species representing the two major lineages. We examined three sets of presumably independent cave dependent variables: the length of the fourth antennal segment, fourth abdominal segment and unguis. For each species, we calculated four statistics which measure variation in a somewhat different manner: the standard deviation, the pooled standard deviations for all populations in a species, the interquartile range and the coefficient of variation. Periods of stasis, if they exist, should be reflected by clear, regular differences in the pattern of variation between --------+---------+---------+---------+---------+------ 
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.. ** **** ********** ***** *** the static and evolving species. Table 4 shows the result of this analysis. From table 4, it is clear that the levels of variability are comparable overall among all species of each of the lineages. Thus there is no clear evidence for stasis occurring in some species but not in others of either lineage. There is some consistency within each lineage in the occurrence of the most variable and least variable species within the narrow ranges of variability seen. It can be noted in table 4 that christianseni is the only highly evolved species having low values of variability. Since this species is evolved by parallel speciation and has the smallest sample size, it is acceptable to eliminate it from some analyses. When this is done, the variation statistics (see table 4) show considerable consistency between the two lineages. The highest levels of variation are consistently found in the more highly evolved species. This is not what would be expected. The more highly evolved species should be those which have established the optimal fit to the environment and thus much more likely to be undergoing stasis. The primitive forms should be under more severe directional selection pressures and thus less likely to show stasis. In addition to this, the one species which shows the least variation is hirsuta. Our earlier studies (op. cit.) have clearly shown that this species is not in a state of stasis. Thus our analysis shows no evidence for stasis occurring in cave Pseudosinella.
ENVIRONMENT AL CONDITIONS AND CHANGE
The last question we addressed, whether variation occurs primarily in unstable environments, can be" tested readily by comparing subduodecima with its probably derivative species theodoridesi. The former lives only in the unstable cave entryways which should fit the requistte variabili1:y criteria established by Rosen and Buth (op. cit.) . The latter lives only in the stable profondeurs and should be a species past the level of environmental variability described by Rosen and Buth. The question can further be tested by considering the three groups of populations of violenta. The two surface population clusters live in very unstable environments while the cave forms live in a more stable one.
We have already pointed out that subduodecima, rather than being more variable than the"odoridesi, is in fact generally less so. Similarly the comparison of the two surface series of violenta shows that their variability is quite similar and, in the case of the pooled standard deviations (over all populations within a species), distinctly less than that seen in the cave populations. Careful examination of the data indicates that the relationship is the reverse of that predicted by the stability hypothesis. The species subduodecima occurs in the unstable cave entryways, superdu.odecima in the more stable mixed caves, while theodoridesi occurs only in the stable cave depths. Thus the first species should be the most variable while the last mentioned should be the least variable. Figure 13 shows that in fact the reverse is true. Similarly the two surface populations of violenta should be more variable than the cave populations while figure 13 shows the reverse to be true. The same relative distribution of features is shown in almost any characteristic examined.
If we examine the stability question in a slightly different light -and consider the novelty of the environment rather than its variability -then our data does support an increased rate of change with invasion of a new habitat. In each of these cases the invasion of the cave depths puts the animals in envi-• ronments quite different from their normal epigean conditions and this is correlated with an increase in variability.
CONCLUSIONS
The four questions we set out to consider can be answered directly. First, we are unable to clearly show evidence of directional selection in the data we examined; however, it is quite possible that the nature of the selection process is such that our tests were inadequate to detect this selection. Second, there is gooj evidence that morphological adaptive change does occur between speciation events but that the level of change is far greater in quantitative features during the process of speciation. Third, we do not have any clear indication of periods of stasis, although the populations of less adapted forms do appear to be slightly less variable than those of the highly adapted ones. Last, there is no evidence that greater variability is associated with more variable environments. In fact the evidence points the opposite direction; however, if we rephrase the question and ask if there is any evidence that variability increases when a novel environment is invaded, the answer is definitely yes.
HIERARCHICAL EVOLUTION
The last issue we wish to consider is question 7 of the introduction -the question of a hierarchical set of processes -----------------*  --+---------+---------+---------+---------+-------- 
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-0.36 -0.24 -0.12 0.00 0.12 0.24 in evolution. The data we have analyzed here would fit quite well with a hierarchical view such as Reid's aromorphosis hypothesis. Reid envisions a process of aromorphosis adapting the organism to a new set of environmental conditions. Aromor-phosis, in his terms, involves a disequilibration followed by a change in evolutionary goals, internal reorganization and simplification. This in turn leads to genetic assimilation of adaptive features through new developmental pathways and epigenetic internalization. This could well be the process seen in the level one animals we studied in this analysis. These level one forms would be going through extensive changes in the basic physiological processes and developmental pathways along with some alteration in genetic mechanisms. This would mean that most of their major adaptive modifications would not be of a sort that we would see in the type of morphological analysis we used. Thus these forms would fail to show evidence of adaptive change or regular large interpopulation differences. After reaching level 2 of cave adaptation, the aromorphosis process is essentially complete and the other evolutionary mechanisms now available would lead to thoglomorphy and eventually to extensive visible adaptive changes both overall and between populations. Our results depart from this model in the fact that Reid envisions it as a repetitive process whereas our evidence would indicate that once released from the aromorphic process the evolutionary race is unending and consistent.
It would be most informative to see if other groups of cave forms show a similar overall pattern when ample numbers of species have been studied in sufficient detail.
RESUME'
Huit controverses se poursuivent dans les etudes de la macroevolution. Ce sont: 1) Ie sens du terme «macroevolution", 2) Ie role du hasard, 3) lr ole du « stasis" et du graduelisme, 4) si Ie changement significatif se limite aux evenements de speciation, 5) les conditions de mili0U dans lesquelles Ie changement macroevolutionniste a lieu, 6) si les mecanismes neodarwiniens suffisent a expliquer Ie changement, 7) l'existence et la natur~des procedes evolutionnistes hierarchiques, 8) l'opinion de Darwin sur tout cela. Nous nous sommes servis des nombreuses donnees disponables pour n0uf especes
